The purpose of this study was to compare the cognitive profiles of men and women with clinically defined schizotypal personality disorder (SPD). We examined the neuropsychological profile of SPD in 26 right-handed females and 31 righthanded males who met DSM-IV criteria for SPD, and matched comparison subjects. Cognitive performance was assessed on measures of abstraction, verbal and spatial intelligence, learning and memory, language, attention, and motor skills. Neuropsychological profiles were constructed by standardizing test scores based on the means and standard deviations of comparison groups matched for sex, age, handedness, ethnicity and parental SES. Overall, SPD subjects showed mild, general decrements in performance in most cognitive domains. However, unlike male SPD subjects, female SPDs did not show relative deficits in verbal learning and abstraction. The results suggest a less severe pattern of cognitive deficits in women with SPD compared to men, consistent with hypotheses of gender differences in cognitive function in schizophrenia. D
Introduction
Studies of gender differences in schizophrenia indicate a less severe form of the disorder in females, who tend to exhibit later age of disease onset, better premorbid history, more positive and fewer negative symptoms, fewer structural brain abnormalities and a better response to neuroleptic medications (e.g., Tamminga, 1997; Goldstein and Levine, 2000) . Some studies addressing neuropsychological performance in schizophrenia suggest that women exhibit less severe cognitive deficits than men Goldstein et al., 1998) , although not all studies are consistent with this observation (e.g., Lewine et al., 1996; Albus et al., 1997) . The putative sex differences in cognitive function have been variously explained as a function of the normal sexual dimorphism of the brain or the modulating effects of estrogen on dopamine systems (Lindamer et al., 1997; Goldstein et al., 2002) .
Schizotypal personality disorder (SPD) is characterized by oddities in appearance, perception and behavior that appear to represent a milder variant of schizophrenia (Kety et al., 1975) . We previously studied a wide range of cognitive functions in a small group of men who met full diagnostic criteria for SPD, and found significant deficits on measures of verbal learning and abstraction (Voglmaier et al., 1997) . This profile was similar to that found in patients with schizophrenia, albeit less severe, and we suggested it might reflect similar involvement of frontal and left temporal brain areas. Because our previous sample was limited to men, it was unclear if this profile was representative of cognitive function in women with SPD.
Gender differences in clinical, biological and cognitive profiles have not been studied in clinically defined SPD. Some studies have identified cognitive deficits in mixed groups of male and female SPD subjects (e.g., Cadenhead et al., 1999) . Others have shown gender differences in cognitive function associated with schizotypal symptoms in healthy college students (e.g., Lubow et al., 2001; Lubow and De la Casa, 2002; Gruzelier, 1994) , although the relationship of these symptoms to clinically defined SPD and schizophrenia remains unclear. The purpose of the current study was to compare the cognitive profiles of men and women with DSM-IV-defined SPD. We hypothesized: (1) that females with SPD would be impaired relative to female controls, and (2) that sex differences in SPD would be similar to those in schizophrenic subjects, in that females with SPD would have less severe cognitive deficits than males.
Experimental materials and methods

Subjects
Subjects were 26 right-handed women and 31 right-handed men who met DSM-IV criteria for SPD; the groups were compared to 24 right-handed female and 23 right-handed male control subjects, respectively, who were comparable on age, ethnicity and parental socioeconomic status. Recruitment and diagnostic procedures have been described elsewhere (Voglmaier et al., 1997) . Briefly, SPD subjects met full clinical diagnostic criteria based on structured clinical interview. They had no lifetime history of Axis I bipolar or psychotic disorder, and no current depressive disorder. There was considerable diagnostic overlap with other Axis II personality disorders, in accord with other reports (Oldham et al., 1992) . All but three male SPD subjects, and all but four female SPD subjects, had at least one other personality disorder diagnosis. Control subjects had no lifetime history of Axis I or Axis II disorder. After complete description of the study to the subjects, written informed consent was obtained. All subjects were paid for their participation in the study.
Data analysis
Mann-Whitney U-tests for independent samples were employed to examine demographic variables (see Table 1 ). The female SPD and control groups did not differ in age, parental SES, or estimated IQ. Female SPDs had significantly less education and lower personal SES than female comparisons. The male SPD and comparison groups did not differ in age, education, or parental SES. Male SPDs had significantly lower estimated IQ and personal SES and significantly more symptoms of depression than male control subjects. As in our previous work, because of concerns about appropriate matching of groups on indices that may be reduced as a result of schizophrenia spectrum disorder (Voglmaier et al., 1997 (Voglmaier et al., , 2000 , we chose to separately calculate a verbal IQ estimate based on the WAIS-R Vocabulary subtest and a nonverbal estimate of general ability based on the WAIS-R Block Design subtest. Among males, the difference in estimated IQ was due to reduced performance on the WAIS-R Vocabulary subtest. There was no significant difference between the groups on the nonverbal IQ measure.
The neuropsychological domains included abstraction, verbal and spatial intelligence, memory and learning, language, attention and motor skills (see Table 2 ), and are described in detail in our previous work (Voglmaier et al., 1997) . SPD subjects' test scores were standardized based on the means and standard deviations of their respective comparison group. This procedure helps to control for differences in psychometric properties (e.g., reliability, difficulty) of tests across domains (Chapman and Chapman, 1989) , and has been employed previously by our group and others (Saykin et al., 1991; Goldstein et al., 1998) . Repeated-measures analyses of variance (ANOVAs, multivariate option) with neuropsychological domains or test scores as the dependent variables and subject group (male vs. female) as the independent variable were used to assess differences between groups and profile shapes. This was followed by within-subject contrasts on each domain for determination of areas of selective deficit, and betweensubject contrasts to determine cognitive differences related to gender. For each contrast, the standardized score for a particular function was contrasted with the mean of all functions (SPSS/PC 11.5, contrast procedure, deviation option). This allowed for determination of areas of selective deficit, as opposed to general impairment equally affecting all functions. VIQ (based on WAIS-R Vocabulary subtest raw score), education and BDI scores, those scores that differed between the groups, were used as covariates in separate analyses to correct for their effects. Because the covariate analyses included only standardized scores for each cognitive domain, the Verbal Intelligence Domain (including the WAIS-R Vocabu- (Brooker and Cyr, 1986 (Beck, 1978) . f Number of non-Caucasian subjects per group; significance level based on chi-square. lary subtest) remained in the analyses when VIQ was covaried.
Results
The z-score profile of neuropsychological functioning is presented in Fig. 1 Beck, 1978) scores were added as covariates, female SPD subjects did not show areas of selective cognitive deficit. Male SPD subjects showed relative deficits in the domains of verbal learning and abstraction, and between-group contrasts revealed significantly lower performance in verbal learning compared to females ( pb0.05). Differences between the groups in other neuropsychological functions were not significant.
Discussion
To our knowledge, this is the first study to compare the neuropsychological profiles of clinically defined SPD in women and men. As hypothesized, the results indicate that female SPD subjects show a mild, general reduction in neuropsychological performance compared to female comparison subjects. The profile in female SPD also indicates less severe cognitive impairment than in male SPD subjects, consistent with (Heaton, 1981) ; WAIS-R, Wechsler Adult Intelligence Scale-Revised (Wechsler, 1981) ; HRB, Halstead-Reitan Battery (Reitan and Wolfson, 1985) ; BDAE, Boston Diagnostic Aphasia Examination (Goodglass and Kaplan, 1983) ; WRAT-3, Wide Range Achievement Test (Wilkinson, 1993) ; CVLT, California Verbal Learning Test (Delis et al., 1987) ; MAE, Multilingual Aphasia Examination (Benton and Hamsher, 1978) .
previous studies of gender differences in schizophrenia. The female SPD profile differs from that of male SPD subjects, where abstraction and verbal learning were specific areas of deficit against a background of mild, general reductions in most cognitive domains. It is noteworthy that no areas of selective cognitive deficit were evident in the female SPD profile after education, VIQ and BDI scores were covaried from the analyses. This underscores the importance of assessing comorbid mood symptomatology in schizotypal research (e.g., Spitznagel and Suhr, 2004) , and suggests that symptoms of depression may have a particular impact on cognitive function in female SPD.
Gender differences
The primary difference in cognitive performance between male and female SPDs appears to be in verbal learning, where females' performance was relatively normal, and males' performance was more comparable to schizophrenic subjects (Goldberg et al., 1990) . It is noteworthy that the verbal learning deficit was apparent in males with SPD even after a stringent matching procedure equating the groups on general verbal ability. These findings are in accord with Goldstein et al. (1998) who suggested that female schizophrenics may be less vulnerable to verbal processing deficits than males.
Neuropsychology of SPD
The neuropsychology of SPD may be understood within the context of hypotheses that schizophrenia involves deficits in a highly interconnected neural system involving dorsolateral prefrontal and temporal lobe structures. Within such a framework, cognitive deficits could reflect dysfunction at any one or more points within the system and vary accordingly. For example, in schizophrenic patients, poor performance on the WCST has been related to dorsolateral prefrontal lobe dysfunction (Weinberger, 1987 (Weinberger, , 1991 Seidman et al., 1994; Weinberger et al., 1992) , and category formation on this task has been associated with gray matter volume reduction in temporal lobe regions (Nestor et al., 1993) . In SPD, brain imaging studies have revealed abnormalities in temporal and prefrontal areas (Dickey et al., 1999; Buchsbaum et al., 2002) .
In conclusion, these results suggest that females with SPD tend to show less severe cognitive deficits overall than males, and do not exhibit the deficits in verbal learning seen in male SPDs. The results underscore the cognitive deficits and treatment needs of SPD individuals, and suggest that these may differ according to gender. Difficulties in social and occupational performance in this group may stem from both characterological features and cognitive deficits. Selected primarily from the general population, our SPD groups had at least average intelligence and came from middle class families, yet personal SES was lower than parental SES. Further study of the behavioral, functional, and structural correlates of brain function in SPD populations is warranted to examine the cognitive and clinical features of this disorder, as well as to help shape our understanding of the pathophysiology of schizotypy and schizophrenia.
